Thermostable pectinase mediated enhanced antimicrobial activity of    Emblica Officinalis: A novel application by Sarsar, Mayuri S. & Pathak, Anupama P.
Indian Journal of Geo Marine Sciences 
Vol. 48 (09), September 2019, pp. 1404-1410 
 
 
 
 
 
 
Thermostable pectinase mediated enhanced antimicrobial activity of  
  Emblica Officinalis: A novel application 
Mayuri S. Sarsar & Anupama P. Pathak*  
School of Life Sciences (DST- FIST, UGC-SAP Sponsored) Swami Ramanand Teerth Marathwada University,  
Dnyanteerth, Vishnupuri, Nanded, Maharashtra, India. 
*[E-mail: anupama.micro@rediffmail.com]  
Received 28 November 2017; revised 23 April 2018 
Four efficient pectinase producing thermophiles were isolated from Unhala hot water spring (16°35' N, 73°30' E) of 
Rajapur located in Ratnagiri district of Maharashtra. The isolates were identified as Bacillus licheniformis, Bacillus cereus, 
Bacillus Firmus, and Bacillus brevis using morphological and biochemical techniques. Being an efficient pectinase 
producer, Bacillus licheniformis was selected for pectinase production and further identified using 16s rRNA molecular 
analysis and sequence was deposited to GenBank nucleotide repository under accession number KT373817. Pectinase 
produced by Bacillus licheniformis using optimized condition was partially purified and molecular weight was determined 
as 66kda. Characterization of partially purified pectinase was carried out where it showed remarkable pectinolytic activity at 
80oC temperature and pH 10.0. The extracted pectinase showed stability in presence of solvents and surfactants such as 
chloroform, ethanol, butanol, acetone, Tween-80 and Triton X-100 at 1% (v/v) concentration. Enhanced pectinolytic activity 
was observed in presence of Fe3+ ions (10 mM). Increase in antimicrobial activity of amla (Emblica Officinalis) was 
recorded after treatment with partially purified pectinase as a novel application for the first time. 
Introduction 
Thermophiles are the microorganisms that have been 
found in extremely hot environment. Such environment 
is thus of great interest to scientists, as the organisms 
isolated from such environment are good source of 
thermostable enzymes which shows most stability under 
condition of high temperature1. They have extremely 
thermostable cellular components; it gives them unique 
metabolic capabilities which offer considerable promise 
for biotechnological applications2. Among industrially 
important enzymes, pectinolytic enzymes have attracted 
the major attention globally as they have wide 
application in industrial field, such as food and juice 
processing, textile processing, degumming of plant fiber, 
agro waste treatment, oil extraction, paper pulp 
treatment, waste water treatment, maceration of tea 
leaves and processing of cotton fabrics3. 
In this context, we have explored an ancient  
Unhala thermal spring located at Rajapur in  
Ratnagiri district of Maharashtra state of India (16°35'N 
Latitude, 73°30' E Longitude) for isolation of 
thermostable pectinase producer. Various thermostable 
pectinase producers were isolated and characterized 
from this spring. Pectinase extracted from isolate  
was thoroughly assessed for optimization and its 
application.  
Materials and Methods 
Water sample of Unhala thermal spring was 
collected in pre-sterilized plastic container and 
transported to laboratory within 24 hours. The sample 
was spread on three different media, namely, nutrient 
agar, thiosulphate agar, glucose yeast extract (GYE) 
and incubated at 60 oC for 24 hours. For further 
experiments, the medium that showed the highest 
diversity was used4, 10. Amongst four distinct isolates 
were selected and screened for pectinase production 
by spot inoculation method on pectin agar plate 
containing 1% pure pectin, 0.2% KH2 PO4, 0.06% 
K2HPO4,MgSO4.7H2O by observing zone of 
clearance5,6. Selected isolates were further identified 
using morphological and biochemical characteristics. 
Indole, citrate utilization, catalase, oxidase and H2S 
production tests were carried out. Hydrolysis of 
starch, urea, casein, pectin, cellulose and tween 80 
was observed. Carbohydrate, vogues-proskauer, and 
methyl red utilization tests were performed using 
standard procedures. Appropriate positive and 
negative controls were used in all these tests. 
Antibiotic susceptibility was tested by disc diffusion 
method. Optimization of temperature and pH on 
growth of organism was determined by varying 
temperature in the range of 30 to 80oC and with on 
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increment of 10oC and pH in range of 4 to 10 with 
increment of 1 unit7. 
RJ1 was further used for pectinase production and 
identified using 16s rRNA partial gene sequencing 
method. In this method, DNA was extracted from 
bacteria Insta crene matrix (Bio-Rad USA) treatment 
and 16s DNA was amplified into thermo cycler 
(Applied Bio system, USA) with pair of primers 27F 
AGA GTT TGA TCM TGGCTCAG,1492RTA 
CGGYTACCTTGTTACGACTT,[14]785FGGATTA
GATACCCTGGTA,907RCCGTCAATTCMTTTRA
GTTT[15] .The amplified 16s rDNA PCR product 
was gel purified with a QIA quick cres extraction kit 
(Qia-gen, USA) and sequenced in an ABI prism 
TM377 automated DNA sequencer (Applied Bio 
system, USA) sequence. Similarly, search was done 
for 16s r DNA sequence using online search tool 
called BLAST (http://www.ncbi.nim.nih.gov/blast). 
Phylogenetic tree was constructed from evolutionary 
distances using MEGA 6.06 software8, 9, 10, 11. 
Fermentation medium with 1% pure pectin, 0.2% 
KH2 PO4, 0.06% K2HPO4, MgSO4.7H2O was used for production of pectinase. After production, fermented 
broth was centrifuged at 10,000 rpm and 4 oC for  
10 min, 70% ammonium sulphate was added in cell 
free supernatant for enzyme precipitation. Enzyme 
precipitate was collected and dialyzed against 0.2 M 
glycerine-NaOH buffer (pH-10.0) and it was used as 
partially purified enzyme12, 13.  
Effect of carbon, nitrogen sources, pH, temperature 
and incubation period on production of pectinase was 
also assessed. The parameters tested for maximum 
pectinase production were carbon resources in 0.5% 
(w/v), such as glucose, lactose, maltose, fructose, 
sucrose, D-galactose, and D-ribose. Nitrogen sources 
in 0.5% (w/v) such as peptone, ammonium sulfate, 
gelatin, ammonium nitrate, urea, potassium nitrate, 
and sodium nitrate. Phosphorus sources in 0.5% (w/v), 
such as sodium di-hydrogen phosphate, disodium 
hydrogen phosphate, potassium hydrogen phosphate, 
di-ammonium hydrogen phosphate, ammonium hydrogen 
orthophosphate and some food wastes were used as a 
substrate sources in 1% (w/v), such as coconut peel, 
orange peel, banana peel, and pomegranate peel15. 
Molecular weight of partially purified pectinase 
was determined in sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS-PAGE) after 
comparison with standard broad range protein 
markers (Merck Biosciences)16. 
Partially purified pectinase was characterized for 
its catalytic activity at various parameters like 
temperature ranges of 30oC to 90oC with an increment 
of 10oC, pH ranges from 4-13 with increments of 1 
unit, substrate concentration at 0.5% to 4% with 0.5% 
increment and incubation time at 30 to 120 min with 
30 min interval.  
Effect of selected solvents (1%), such as chloroform, 
ethanol, butanol, hexane, glycerol, benzene, acetone, 
isopropanol, and other additives, such as Na2-ethylene 
diamino tetra acetic acid, sodium dodecyl sulphate, 
tween 20 and tween 80 was tested on catalytic activity of 
partially purified pectinase. The effect of various metal 
ions was also studied on pectinase enzyme activity by 
using 10 mM metal ions, such as Mg2+ (MgCl2), Zn2+ 
(ZnCl2), Fe3+ (FeCl3), Cu2+ (CuCl2) and Na+ (NaCl)7,13,14. 
Partially purified thermostable pectinase derived from 
RJ1 was tested to determine its role in enhancement of 
antimicrobial activity of amla (Emblica officinalis) 
powder after treatment with it. In this experiment, 
extract of preheated amla powder (1 g in 50 ml D/W) 
was treated with 1% of pectinase enzyme for 15 min and 
30 min, separately. The antimicrobial activity was 
assessed against fungi, namely, Aspergillus niger, 
Aspergillus flavus, penicillium crysogenum, Aspergillus 
nodulans, Aspergillus oryzae, and Aspergillus 
parasiticus and bacteria, namely, Bacillus licheniformis, 
Escherichia coli, and Pseudomonas species. Nutrient 
agar plates and potato dextrose agar plates were used 
while cultivating cultures. A spread well plate method 
was used to observe antimicrobial activity of mixture of 
amla powder extract and pectinase enzyme. 
Antimicrobial activities were evaluated by measuring 
the inhibition zone diameters. Untreated amla powder 
was used as a control for this experiment. 
 
Results and Discussion 
The water sample from Unhala thermal spring was 
clean, odorless, and alkaline having pH 8 with 
temperature 44 oC (Fig 1). 
Among the three selected media, nutrient agar 
showed diverse morphotypes with appearance of 72 
CFU. Of these four morphological distinct colonies 
developed zone of clearance around well in pectin agar 
plate and designated as RJ-1, RJ-2, RJ-3 and RJ-4. 
On the basis of morphological characteristics, 
microscopic features, sugar utilization patterns, enzyme 
profile, antibiotic sensitivity and physiological features, 
the isolates were identified as Bacillus licheniformis, 
Bacillus cereus, Bacillus Firmus, Bacillus brevis. 
Out of these four, a fast growing and efficient 
thermostable pectinase producer RJ-1 was selected for 
further analysis. The phenotypic, biochemical and 
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physiological characteristics of RJ-1 isolate are shown 
in Tables 1-4. 
The PCR product was gel eluted and sequence data 
was submitted to NCBI GenBank under the accession 
number KT373817. 
The phylogenetic analysis of 16s rDNA sequence 
of isolate along with the sequence retrieved from 
NCBI was carried out with MEGA 6.06 using 
neighbor joining method `with 1,000 boot strap 
replicates.The result of phylogenetic analysis showed 
distinct clustering of the isolate and confirmed the 
result of sequence similarly analysis (Fig. 2) 
RJ-1 exhibited maximum growth and pectinase 
production at PH-8 (60.18U/ml) and 60 oC  
(68.4 U/ml) at 72 hours of incubation with shaking  
at 120 rpm. Extra molecular pectinase production 
varied with carbon and nitrogen source. Enhanced 
growth and production were seen in medium 
supplemented with orange peel as substrate  
(62.4 U/ml), fructose as a carbon source(54.6 U/ml), 
peptone as a nitrogen source (28.9 U/ml) and 
potassium di-hydrogen phosphate as a phosphorus 
source (27 U/ml) (Figs 5-10). 
Catalytic activity of partially purified pectinase was 
determined maximum at pH 10 (1.98 U/ml) and 80 oC 
temperature (2.28 U/ml), respectively. 
Catalytic activities of partially purified pectinase in 
presence of 10 mM metal ions were recorded where 
Fe 3+ (5.8 U/ml) showed the highest activity. 
Substrate concentration (2%) and 60 min of 
incubation showed maximum catalytic activity (4.68 
U/ml and 2.24 U/ml, respectively). The extracted 
pectinase showed stability in presence of solvents and 
surfactants, such as chloroform, ethanol, butanol, 
acetone, Tween-80 and Triton X-100 at 1% (v/v) 
concentration. 
SDS analysis revealed that molecular weight of 
partially purified RJ-1 pectinase was 66 kDa. 
The antimicrobial activity was measured in terms 
of the diameter of zone of inhibition in cm as given in 
Table 5 and Figure 3. Pectinase treated Emblica 
Officinalis powder showed maximum zone of 
inhibition  against  E. coli and A. Oryzae.  No  growth  
 
 
  
Fig. 1 — Unhala hot water spring at Rajapur, Dist. Ratnagiri 
Table 1 — Morpological characters of bacterial isolates from Unhala thermal spring 
Sr.No Characters RJ1 Bacillus licheniformis 
RJ2 
Bacillus cereus 
RJ3 
Bacillus Firmus 
RJ4 
Bacillus brevis 
1 Size 0.5mm 2mm 1mm 2.4mm 
2 Shape Circular circular circular Circular 
3 Colour White white white Shiny 
4 Opacity Opaque translucent opaque Opaque 
5 Surface Smooth smooth smooth Rough 
6 Elevation Raised flat raised Raised 
7 Consistency non sticky mucoid non sticky semi sticky 
8 Margin Entire entire entire Irregular 
 
Table 2 — Microscopic features of bacterial isolates from unhala thermal spring 
Sr.No Characters 
RJ1 
Bacillus 
licheniformis 
RJ2 
Bacillus cereus 
RJ3 
Bacillus Firmus 
RJ4 
Bacillus brevis 
1 Cell length(µm) 2.3 1.8 1.5 2.2 
2 Cell Width(µm) 0.5 1 0.5 1 
3 Sporulation † † † † 
4 Gram's nature +ve rod +ve cocci +ve cocci +ve rod 
5 Motility Motile motile motile Motile 
Abbreviation: † : Spore former, +ve : Positive 
SARSAR & PATHAK : ENHANCED ANTIMICROBIAL ACTIVITY OF EMBLICA OFFICINALIS MEDIATED PECTINASE 
 
 
1407
  
Table 3 — Biochemical characteristics of bacterial isolates from Unhala thermal spring 
Sr.No Characters RJ1 Bacillus licheniformis 
RJ2 
Bacillus cereus 
RJ3 
Bacillus Firmus 
RJ4 
Bacillus brevis 
1 H2S production ⁻ ⁻ ⁻ ⁻ 
2 Indole Test ⁻ ⁻ ⁺ ⁻ 
3 MR test ⁺ ⁻ ⁻ ⁻ 
4 VP test ⁻ ⁺ ⁻ ⁻ 
5 Citrate test ⁻ ⁺ ⁻ ⁺ 
6 Nitrate reduction ⁺ ⁻ ⁻ ⁻ 
7 Esculine hydrolysis ⁺ ⁺ ⁺ ⁺ 
SugarUtilisation 
1 Dextrose ⁺ ⁻ ⁻ ⁺ 
2 Fructose ⁺ ⁺ ⁻ ⁺ 
3 Lactose ⁺ ⁻ ⁻ ⁺ 
4 Sucrose ⁺ ⁻ ⁺ ⁻ 
5 mannitol ⁺ ⁻ ⁺ ⁻ 
6 Maltose ⁺ ⁺ ⁺ ⁺ 
7 Xylose ⁻ ⁻ ⁻ ⁻ 
8 Arabinose ⁻ ⁻ ⁻ ⁻ 
9 Galactose ⁺ ⁺ ⁺ ⁻ 
10 Glycerol ⁺ ⁻ ⁻ ⁻ 
11 Cellobiose ⁺ ⁻ ⁻ ⁻ 
12 Sorbitol ⁺ ⁻ ⁻ ⁻ 
13 Mannose ⁺ ⁻ ⁻ ⁺ 
14 Trehalose ⁺ ⁺ ⁺ ⁺ 
15 Ribose ⁺ ⁺ ⁺ ⁺ 
16 Salicin ⁺ ⁻ ⁻ ⁻ 
17 Rhamnose ⁻ ⁻ ⁻ ⁺ 
18 Inuline ⁻ ⁻ ⁻ ⁻ 
19 Adonitol ⁻ ⁻ ⁻ ⁻ 
20 Raffinose ⁻ ⁻ ⁻ ⁻ 
Enzyme Profile 
1 Catalase ⁺ ⁺ ⁺ ⁺ 
2 Oxidase ⁺ ⁺ ⁺ ⁺ 
3 Protease ⁻ ⁺ ⁺ ⁺ 
4 Amylase ⁺ ⁺ ⁺ ⁺ 
5 Urease ⁺ ⁺ ⁺ ⁺ 
6 Lipase ⁺ ⁺ ⁺ ⁺ 
7 Pectinase ⁺ ⁺ ⁺ ⁺ 
8 Cellulase ⁻ ⁻ ⁻ ⁻ 
Abbreviations: +: Positive test, - : Negative test 
 
  
Fig.2 — Phylogenetic tree (evolutionary relationship between selected data) 
The evolutionary history was inferred using the Neighbor-Joining method. The percentage of replicate trees in which the associated taxa 
clustered together in the bootstrap test (1000 replicates) are shown next to the branches. The tree is drawn to scale, with branch lengths 
(below the branches) in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary 
distances were computed using the Maximum Composite Likelihood method and are in the units of the number of base substitutions per 
site. The analysis involved 15 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 
655 positions in the final dataset. Evolutionary analyses were conducted in MEGA6 .06. 
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inhibition was observed for A. flavus and A. nodulans. 
In present investigation, first time we have recorded 
enhanced antimicrobial activity of Emblica Officinalis 
when it was assessed with pectinase. 
Table 4 — Antibiotic susceptibility pattern of bacterial isolates from Unhala thermal spring 
Antibiotic discs used RJ1 Bacillus licheniformis 
RJ2 
Bacillus cereus 
RJ3 
Bacillus Firmus 
RJ4 
Bacillus brevis 
Ampicillin R R R 1.5 
Amikacin 2.4 3.2 1.8 2.1 
Cephalothin 1.8 1.1 3.2 1.8 
Cephoxitin 2.6 2.8 1.1 2.2 
Chloramphenicol 1.9 1.4 2.8 2.4 
Ciprofloxacin 2.7 3.1 1.9 3.2 
Gentamycin 3.3 1.1 3.1 2.8 
Linezoid 1.8 2.7 2.2 1.2 
Neomycin 1.1 2.5 2.6 1.6 
Norfloxacin 2.1 1.8 1.6 2.5 
Penicillin 3.2 1.5 2.8 1.8 
Piperacillin 1.2 2.8 1.8 1.4 
Polymyxin 1.7 R R R 
Streptomycin 2.9 2.6 2.4 1.7 
Sulphatriad 3 2.8 1.9 2.6 
Teicoplanin 2.8 3.4 3.2 2.2 
Tetracyclin 1.2 2.3 1.6 2.6 
Tobramycin 1.5 1.9 2.1 3.2 
Vancomycin 1.8 2.1 1.4 2.2 
Zone of inhibition size is given in centimetre. 
 
  
Fig 3 — SDS-PAGE analysis of partially purified pectinase from
RJ-1; Lane A: RJ-1 pectinase Lane B: Molecular weight markers
(Merck Biosciences, India) 
  
Fig 4 — Antimicrobial activity of Emblica Officinalis powder 
treated with pectinase. 
 
  
Fig 5 — Effect of pH on alkaline Pectinase 
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Conclusion 
An efficient thermostable pectinase producer was 
isolated from Unhala hot water spring and identified 
as Bacillus licheniformis RJ-1. Remarkable thermostable 
pectinase production was observed by using inexpensive 
agricultural residues as macronutrients. The pectinase 
produced showed stability in the presence of various 
solvents and surfactants. It has also promoted 
antimicrobial activity of Emblica Officinalis. 
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